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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to an aircraft con-
trol apparatus that controls a plurality of actuators that
drive a device installed in an aircraft, and an aircraft con-
trol system that includes the aircraft control apparatus
and the plurality of actuators.

Description of Related Art

[0002] As an aircraft control apparatus that controls a
plurality of actuators that drive a device installed in an
aircraft, U.S. Patent No. 5493497 discloses an aircraft
control apparatus that controls a plurality of actuators
that drive control surfaces serving as the above-stated
device. The aircraft control apparatus disclosed in U.S.
Patent No. 5493497 includes a plurality of control chan-
nels that control a plurality of actuators, each control
channel including a power supply for supplying power.
By including a plurality of control channels in this way,
the aircraft control apparatus is intended to ensure the
redundancy that enables the control surface to be driven
and allows the operation of the control surface to be safe-
ly continued even if a failure has occurred in any of the
control channels.

[0003] Also, each of the control channels of the
above-described aircraft control apparatus includes a pri-
mary flight computer as an arithmetic processing unit.
The primary flight computer receives, via an actuator con-
trol electronics serving as another electronic apparatus,
amanipulation signal generated based on a manipulation
of a wheel or the like performed by a pilot flying the air-
craft. Based on the above-described manipulation signal,
the primary flight computer calculates and generates an
operation command signal for commanding and control-
ling the operation of the actuators that drive the control
surfaces.

[0004] As stated above, by including a plurality of con-
trol channels, the above-described aircraft control appa-
ratus is intended to ensure the redundancy that allows
the operation of the control surfaces to be safely contin-
ued. However, if a failure has occurred in a primary flight
computer, the control channel in which that primary flight
computer is provided becomes also inoperable.

[0005] In the event of occurrence of a generic failure,
that is, a failure that may occur commonly among the
same pieces of software or hardware when primary flight
computers having the same design are provided in a plu-
rality of control channels, all of the control channels be-
come inoperable. Therefore, although not disclosed in
U.S. Patent No. 5493497, for the aircraft control appara-
tus, a plurality of arithmetic processing portions having
different designs need to be provided in the above-de-
scribed primary flight computer of each of the control
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channels.

[0006] In this regard, the apparatus configuration of a
primary flight control including a plurality of arithmetic
processing portions having different designs is disclosed
in FIG. 3 of the publication entitled "Challenges in Build-
ing Fault-Tolerant Flight Control System for a Civil Air-
craft" published in "IAENG International Journal of Com-
puter Science, 35:4, IJCS_35_4_07". Note that the
above publication has been released on the Internet at
the following URL:
"http://www.iaeng.org/IJCS/issues_v35/issue_4/IJCS_
35_4_07.pdf".

[0007] The above-described publication discloses the
configuration of a primary flight control that is provided
in each of a plurality of control channels that control a
plurality of actuators. Also, the primary flight control re-
ceives a manipulation signal generated based on a ma-
nipulation performed by a pilot, and includes a plurality
of arithmetic processing portions having different designs
as arithmetic processing portions that generate an oper-
ation command signal for commanding and controlling
the operation of the actuators. Specifically, the above-
described publication discloses a configuration in which
three arithmetic processing portions ("MICRO-PROC-
ESSOR AMD 29050", "MICRO-PROCESSOR MO-
TOROLA 68040", "MICRO-PROCESSOR INTEL
80486") having different designs manufactured by differ-
ent manufacturers are provided in each primary control.

SUMMARY OF THE INVENTION

[0008] As described above, a plurality of arithmetic
processing portions having designs different from one
another is provided in each of a plurality of control chan-
nels that control a plurality of actuators, thus ensuring
the redundancy that allows the operation of a device in-
stalled in an aircraft to be safely continued.

[0009] However, in conventional aircraft control appa-
ratuses, a plurality of arithmetic processing portions hav-
ing different designs are provided in each of the control
channels, resulting in an increase in the number of arith-
metic processing portions. That is, the aircraft control ap-
paratus as a whole needs to include the number of arith-
metic processing portions obtained by multiplying the
number of the control channels by the number of arith-
metic processing portions provided in each of the control
channels. Further, an increase in the number of the arith-
metic processing portions also leads to an increase in
the complexity and the costs of the configuration.
[0010] In view of the foregoing circumstances, it is an
object of the present invention to provide an aircraft con-
trol apparatus for which the redundancy that allows the
operation of a device installed in an aircraft to be safely
continued can be ensured and whose configuration can
be simplified with a reduced number of arithmetic
processing portions. It is another object of the invention
to provide an aircraft control system that includes the
aircraft control apparatus and the plurality of actuators.
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[0011] According to a first feature of an aircraft control
apparatus of the present invention for achieving the
above-described objects, there is provided an aircraft
control apparatus that controls a plurality of actuators
that drive a device installed in an aircraft, the apparatus
including: a plurality of control channels that control the
plurality of actuators and each include a power supply
for supplying power, wherein all of the plurality of control
channels or part of the plurality of control channels each
include: an interface that receives a manipulation signal
generated, based on a manipulation of a pilot flying the
aircraft, by a manipulation input unit into which a manip-
ulation of the aircraft performed by the pilot is input; an
arithmetic processing portion that calculates and gener-
ates, based on the manipulation signal received via the
interface, an operation command signal for commanding
and controlling operation of the actuators that drive the
device, a signal determination unit that determines,
based on the operation command signal generated by
the arithmetic processing portion and another signal, a
control signal serving as a signal for finally controlling
operation of the actuators, and outputs the control signal,
the arithmetic processing portions respectively provided
in the plurality of control channels have designs different
from one another, and each of the signal determination
units respectively provided in the plurality of control chan-
nels receives a first operation command signal, which is
the operation command signal generated by the arithme-
tic processing portion provided in the control channel in
which that signal determination unit is provided, and a
second operation command signal, which is the opera-
tion command signal generated by the arithmetic
processing portion provided in another of the control
channels different from the control channel in which that
signal determination unitis provided, determines the con-
trol signal by comparing the first operation command sig-
nal and the second operation command signal serving
as the other signal, and outputs the control signal.

[0012] With this configuration, all or part of the plurality
of control channels are respectively provided in one-to-
one correspondence with the arithmetic processing por-
tions having designs different from one another. Also, in
the control channels, each of the signal determination
units determines a control signal by comparing the first
operation command signal from the arithmetic process-
ing portion of the control channel in which that signal
determination unit is provided and the second operation
command signal from the arithmetic processing portion
of another of the control channels, and outputs the de-
termined control signal. Accordingly, even if the arithme-
tic processing portion of any of the control channels has
failed, the signal determination unit provided in the con-
trol channel whose processing portion has failed can de-
termine a control signal based on the operation command
signal from the arithmetic processing portion of another
of the control channels, and output the determined con-
trol signal. Then, the occurrence of a generic failure that
may occur commonly among the same pieces of software
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or hardware can also be prevented. This prevents a sit-
uation where the control channel whose processing por-
tion has failed becomes inoperable. Thus, the redundan-
cy that allows the operation of a device installed in an
aircraft to be safely continued can be ensured. With the
above-described configuration, the control channels are
respectively provided in one-to-one correspondence with
the arithmetic processing portions having designs differ-
ent from one another, and therefore it is possible to sig-
nificantly reduce the number of the arithmetic processing
portion as the aircraft control apparatus as a whole. Fur-
thermore, this can simplify the configuration of the aircraft
control apparatus, thus achieving a further reduction in
the manufacturing costs.

[0013] Therefore, with the above-described configura-
tion, itis possible to provide an aircraft control apparatus
for which the redundancy that allows the operation of a
device installed in an aircraft to be safely continued can
be ensured and whose configuration can be reduced with
a decreased number of the arithmetic processing por-
tions.

[0014] According to a second feature of an aircraft con-
trol apparatus of the present invention, in the aircraft con-
trol apparatus of the first feature, three or more control
channels are provided, the arithmetic processing portion
being provided in each of the three or more control chan-
nels.

[0015] With this configuration, three ore more control
channels are provided, with the arithmetic processing
portions being provided in each of the three control chan-
nels, and therefore the aircraft control apparatus is pro-
vided with at least three arithmetic processing portions
having designs different from one another. Therefore,
even if any of the arithmetic processing portions has
failed, the signal determination unit can determine a con-
trol signal by comparing the operation command signals
generated by the remaining two arithmetic processing
portions, and output the determined control signal. Ac-
cordingly, it is possible to further increase the reliability
of the aircraft control apparatus.

[0016] According to a feature of an aircraft control sys-
tem of the presentinvention, there is provided an aircraft
control system including the aircraft control apparatus of
the first or second feature, and a plurality of actuators
that are controlled by the aircraft control apparatus and
that drive a device installed in an aircraft.

[0017] With this configuration, it is possible to provide
an aircraft control system for which the redundancy that
allows the operation of a device installed in an aircraft to
be safely continued can be ensured and whose config-
uration can be simplified with a reduced number of arith-
metic processing portions.

[0018] Itshould be appreciated that the above and oth-
er objects, and features and advantages of the present
invention will become apparent from the following de-
scription taken in conjunction with the accompanying
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is a block diagram showing an aircraft control
apparatus and an aircraft control system according
to one embodiment of the present invention.

FIG. 2 is a block diagram showing a first control chan-
nel of the aircraft control apparatus shown in FIG. 1.
FIG. 3 is a block diagram showing a second control
channel of the aircraft control apparatus shown in
FIG. 1.

FIG. 4 is a block diagram showing a third control
channel of the aircraft control apparatus shown in
FIG. 1.

FIG. 5 is a block diagram showing a fourth control
channel of the aircraft control apparatus shown in
FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Hereinafter, an embodiment for carrying out the
present invention will be described with reference to the
accompanying drawings. The embodiment of the present
invention is widely applicable as an aircraft control ap-
paratus that controls a plurality of actuators that drive a
device installed in an aircraft, and an aircraft control sys-
tem that includes the aircraft control apparatus and the
plurality of actuators.

[0021] FIG. 1 is a block diagram showing an aircraft
control apparatus 1 and an aircraft control system 10
according to one embodiment of the present invention.
The aircraft control apparatus 1 is configured as an ap-
paratus that controls a plurality of actuators (11, 12) that
drive flight spoilers (102, 103) serving as moving surfaces
installed in an aircraft 100. The flight spoilers (102, 103)
each constitute a device according to this embodiment
that is installed in the aircraft. The aircraft control system
10 is configured as a system that includes the aircraft
control apparatus 1 and the plurality of actuators (11, 12)
that drive the flight spoilers (102, 103) by being controlled
by the aircraft control apparatus 1. The aircraft control
apparatus 1 and the aircraft control system 10 are mount-
ed to the aircraft 100, and configured as an FBW (Fly by
Wire) flight control apparatus and an FBW flight control
system that control the operation of the flight spoilers
(102, 103) via electric signals.

[0022] Note that only part of the aircraft 100, namely
mainwings (101a, 101b) are schematically shown in FIG.
1. The flight spoilers (102, 103) are provided as moving
surfaces (flight control surfaces) installed at the main
wings (101a, 101b). Although this embodiment is de-
scribed, taking, as an example, the flight spoilers serving
as moving surfaces as the devices to which the aircraft
control apparatus 1 and the aircraft control system 10
are applied, this need not be the case; the presentinven-
tion may be applied to another device. For example, this
embodiment may be applied also to a ground spoiler, or
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an aileron, a rudder, an elevator, or the like serving as a
moving surface constituting a control surface. Alterna-
tively, this embodiment may be applied also to a leg of
the aircraft (a mechanism supporting the body of the air-
craft on the ground) such as a landing gear (undercar-
riage) as an example of another device.

[0023] The actuators (11, 12) that drive the flight spoil-
ers (102, 103) may be provided, for example, as mech-
anisms including a hydraulic cylinder, and the operation
of the actuators (11, 12) is controlled by supply and dis-
charge of pressure oil based on control signals from the
aircraft control apparatus 1. Note that it is also possible
to implement a configuration in which the aircraft control
apparatus 1 controls actuators provided as electric actu-
ators.

[0024] Inthis embodiment, fouractuators11(11a,11b,
11c, 11d) are provided, and they are configured to re-
spectively drive fourflight spoilers 102 (102a, 102b, 102c,
102d) provided at one of the main wings, namely the
main wing 101a. The actuators 11 are provided such that
the actuator 11a drives the flight spoiler 102a, the actu-
ator 11b drives the flight spoiler 102b, the actuator 11¢c
drives the flight spoiler 102c, and the actuator 11d drives
the flight spoiler 102d.

[0025] Four actuators 12 (12a, 12b, 12¢, 12d) are pro-
vided, and they are configured to respectively drive four
flight spoilers 103 (103a, 103b, 103c, 103d) provided at
the other main wing 101b. The actuators 12 are provided
such that the actuator 12a drives the flight spoiler 103a,
the actuator 12b drives the flight spoiler 103b, the actu-
ator 12c drives the flight spoiler 103c, and the actuator
12d drive the flight spoiler 103d.

[0026] The actuator 11a and the actuator 12a are con-
trolled so as to correspond to each other as a pair, and
thereby the flight spoiler 102a and the flight spoiler 103a
are driven at the same timing so as to correspond to each
other as a pair. The actuator 11b and the actuator 12b
are controlled so as to correspond to each other as a
pair, and thereby the flight spoiler 102b and the flight
spoiler 103b are driven at the same timing so as to cor-
respond to each other as a pair. The actuator 11¢c and
the actuator 12c are controlled so as to correspond to
each other as a pair, and thereby the flight spoiler 102¢c
and the flight spoiler 103c are driven at the same timing
so as to correspond to each other as a pair. The actuator
11d and the actuator 12d are controlled so as to corre-
spond to each other as a pair, and thereby the flight spoil-
er 102d and the flight spoiler 103d are driven at the same
timing so as to correspond to each other as a pair.
[0027] Next, the aircraft control apparatus 1 will be de-
scribed in detail. The aircraft control apparatus 1 includes
a plurality of control channels 13 (13a, 13b, 13c, 13d)
that control the plurality of actuators (11, 12). The control
channels 13 are each provided, for example, as an ap-
paratus configured by incorporating various electronic
devices and the like in a casing. Also, the control chan-
nels 13 each include a power supply for supplying control
power to the various electronic devices in the casing and
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the corresponding actuators (11, 12). In thisembodiment,
four control channels 13 are provided, namely a first con-
trol channel 13a, a second control channel 13b, a third
control channel 13c, and a fourth control channel 13d.
[0028] The first control channel 13a is provided as a
control channel that controls the actuators (11a, 12a) that
drive the flight spoilers (102a, 103a). The second control
channel 13bis provided as a control channel that controls
the actuators (11b, 12b) that drive the flight spoilers
(102b, 103b). The third control channel 13c is provided
as a control channel that controls the actuators (11c, 12c)
that drive the flight spoilers (102c, 103c). The fourth con-
trol channel 13d is provided as a control channel that
controls the actuator (11d, 12d) that drives the flight spoil-
ers (102d, 103d). Although this embodimentis described,
taking, as an example, a configuration in which each con-
trol channel controls a plurality of (in this embodiment,
two) actuators, this need not be the case. It is also pos-
sible to implement a configuration in which each control
channel controls one actuator or a plurality of three or
more actuators.

[0029] The control channels 13 (13a, 13b, 13c, 13d)
are configured to receive a manipulation signal generat-
ed, based on a manipulation performed by a pilot (not
shown) flying the aircraft 100, by manipulation input units
(104, 105) into which a manipulation of the aircraft 100
performed by the pilot is input. Also, the control channels
13 (13a, 13b, 13c, 13d) control their corresponding ac-
tuators (11, 12) based on the above-described manipu-
lation signal.

[0030] Note that the manipulation input unit 104 in-
cludes a wheel 106 and position sensors (107a, 107b,
107c) in this embodiment. The wheel 106 is used by the
pilotto manipulate the operation of the flight spoilers (102,
103) during flight or landing of the aircraft 100. The po-
sition sensors (107a, 107b, 107c) are provided as sen-
sors each capable ofindependently detecting the amount
of manipulation of the wheel 106 performed by the pilot.
By the pilot manipulating the wheel 106, a manipulation
signal corresponding to the amount of manipulation of
the wheel 106 is output from each of the position sensors
(107a, 107b, 107c). Thus, the redundancy that allows
the detection of the amount of manipulation of the wheel
106 to be safely continued is ensured for the position
sensors (107a, 107b, 107c) of the manipulation input unit
104 even if a failure has occurred in any of these position
Sensors.

[0031] The manipulation input unit 105 includes a
speed brake lever 108 and position sensors (109a, 109b,
109c). The speed brake lever 108 is used by the pilot to
manipulate the operation of the flight spoilers (102, 103)
during landing of the aircraft 100. The position sensors
(109a, 109b, 109c) are provided as sensors each capa-
ble of independently detecting the amount of manipula-
tion of the speed brake lever 108 performed by the pilot.
By the pilot manipulating the speed brake lever 108, a
manipulation signal corresponding to the amount of ma-
nipulation of the speed brake lever 108 is output from
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each of the position sensors (109a, 109b, 109c). Thus,
the redundancy that allows the detection of the amount
of manipulation of the speed brake lever 108 to be safely
continued is ensured for the position sensors (109a,
109b, 109c) of the manipulation input unit 105 even if a
failure has occurred in any of these position sensors.
[0032] The configuration of the control channels 13 will
now be described in further detail. FIG. 2 is a block dia-
gram showing the first control channel 13a. FIG. 3 is a
block diagram showing the second control channel 13b.
FIG. 4 is a block diagram showing the third control chan-
nel 13c. FIG. 5 is a block diagram showing the fourth
control channel 13d.

[0033] AsshowninFIGS. 1105, thefirstto third control
channels (13a, 13b, 13c) each include a power supply
14, interfaces (15, 16), an arithmetic processing portion
17, and asignal determination unit 18 in this embodiment.
On the other hand, the fourth control channel 13d in-
cludes a power supply 14 and a signal determination unit
18. That is, in this embodiment, part of the plurality of
(three) control channels (13a, 13b, 13c), rather than all
of the plurality of (four) control channels (13a, 13b, 13c,
13d), each include the interfaces (15, 16) and the arith-
metic processing portion 17. Further, three control chan-
nels 13 in each of which the arithmetic processing portion
17 is provided are provided in this embodiment.

[0034] Note that power supplies (14a, 14b, 14c, 14d)
are provided as the power supplies 14. Interfaces (15a,
15b, 15c) are provided as the interfaces 15. Interfaces
(16a, 16b, 16c) are provided as the interfaces 16. A first
arithmetic processing portion 17a, a second arithmetic
processing portion 17b, and a third arithmetic processing
portion 17c are provided as the arithmetic processing
portions 17. Signal determination units (18a, 18b, 18c,
18d) are provided as the signal determination units 18.
[0035] Thefirstcontrolchannel 13aincludes the power
supply 14a, the interface 15a, the interface 16a, the first
arithmetic processing portion 17a, and the signal deter-
mination unit 18a.

[0036] The power supply 14a is provided as a power
supply for supplying control power to the actuators (11a,
12a), the first arithmetic processing portion 17a, and so
forth. Further, power is supplied to the power supply 14a
from each of two systems of a power supply that is in-
stalled at the center of the body of the aircraft 100 as a
main power supply on the upstream side of a power sup-
ply path. In FIG. 2 (similarly in FIGS. 3 to 5), an exemplary
configuration is shown that enables power of a voltage
V1 to be supplied from one of the systems of the main
power supply and power of a voltage V2 to be supplied
from the other system of the main power supply to the
power supply 14a (14).

[0037] Also, the power supply 14a supplies one of the
two systems of power supplied from the main power sup-
ply to the first arithmetic processing portion 17a and so
forth. For example, the power supply 14a compares the
voltage V1 and the voltage V2, selects the power of a
higher voltage, and supplies that power to the actuators
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(11a, 12a) and so forth. Alternatively, the power supply
14amay include a supply power selector switch, and may
be configured to selectively supply power of the voltage
V1 and power of the voltage V2 to the actuators (11a,
12a) and so forth at a predetermined timing.

[0038] The interface 15a is provided as an interface
that receives a manipulation signal generated by the po-
sition sensor 107a based on a manipulation of the wheel
106 performed by the pilot. The manipulation signal that
has been input into the interface 15a is input as a ma-
nipulation signal S11 into the first arithmetic processing
portion 17a, and also input into the second arithmetic
processing portion 17b of the second control channel 13b
and the third arithmetic processing portion 17c of the third
control channel 13c. Note that the manipulation signal
S11 is transmitted to the second arithmetic processing
portion 17b and the third arithmetic processing portion
17c via a data bus not shown.

[0039] The interface 16a is provided as an interface
that receives a manipulation signal generated by the po-
sition sensor 109a based on a manipulation of the speed
brake lever 108 performed by the pilot. The manipulation
signal that has been input into the interface 16a is input
as a manipulation signal S21 into the first arithmetic
processing portion 17a, and also input into the second
arithmetic processing portion 17b and the third arithmetic
processing portion 17c. Note that the manipulation signal
S21 is transmitted to the second arithmetic processing
portion 17b and the third arithmetic processing portion
17c via a data bus not shown.

[0040] The first arithmetic processing portion 17a is
configured as an arithmetic processing unit such as an
FPGA (Field-Programmable Gate Array) or a processor.
The first arithmetic processing portion 17a calculates and
generates an operation command signal S31 for com-
manding and controlling the operation of the actuators
(11, 12) that drive the flight spoilers (102, 103), based on
the manipulation signals (S11, S21) received via the in-
terfaces (15a, 16a). The operation command signal S31
may be configured, forexample, as a signal commanding
the operating positions of the actuators (11, 12).

[0041] The first arithmetic processing portion 17a is
also configured to execute processing for calculating an
operation command signal S31 for commanding and con-
trolling the operation of the actuators (11, 12), based on
manipulation signals (S12, S22) received via interfaces
(15b, 16b) described below. Furthermore, the first arith-
metic processing portion 17a is also configured to exe-
cute processing for calculating an operation command
signal S31 for commanding and controlling the operation
of the actuators (11, 12), based on manipulation signals
(813, S23) received via interfaces (15¢, 16¢) described
below.

[0042] Also, the first arithmetic processing portion 17a
compares the operation command signal S31 derived
from the manipulation signals (S11, S21), the operation
command signal S31 derived from the manipulation sig-
nals (S12, S22), and the operation command signal S31
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derived from the manipulation signals (S13, S23). Ac-
cordingly, the first arithmetic processing portion 17a is
configured to be capable of monitoring and detecting the
abnormality of the operation command signal S31 de-
rived from the manipulation signals (S11, S21).

[0043] The signal determination unit 18a is configured,
for example, as an analog circuit such as an operational
amplifier. Also, the signal determination unit 18a is pro-
vided as a voter that performs voting for determining a
control signal for finally controlling the operation of the
actuators (11a, 12a) based on the operation command
signal S31 generated by the first arithmetic processing
portion 17a and other signals, and outputting the deter-
mined control signal.

[0044] Specifically, the signal determination unit 18a
receives a first operation command signal S31, which is
the operation command signal S31 generated by the first
arithmetic processing portion 17a provided in the first
control channel 13a in which the signal determination
unit 18a is provided, and second operation command
signals (S32, S33). The second operation command sig-
nals (S32, S33) are configured as operation command
signals (S32, S33) generated by the arithmetic process-
ing portions (17b, 17c) provided in the other control chan-
nels (13b, 13c) described below that are different from
the first control channel 13a in which the signal determi-
nation unit 18a is provided. Then, by comparing the first
operation command signal S31 and the second operation
command signals (S32, S33) as the other signals de-
scribed above, the signal determination unit 18a deter-
mines a control signal for finally controlling the operation
of the actuators (11a, 12a) and outputs the determined
control signal. Note that the second operation command
signals (S32, S33) are transmitted from the second
processing portion 17b and the third processing portion
17c via a data bus not shown, and received by the first
arithmetic processing portion 17a.

[0045] The signal determination unit 18a may perform
various types of processing to compare the first operation
command signal S31 and the second operation com-
mand signals (S32, S33) and determine the above-de-
scribed control signal. For example, the signal determi-
nation unit 18a may determine one of the first operation
command signal S31, the second operation command
signal S32, and the second operation command signal
S33 that has a medium value of the magnitudes of signal
output as the above-described control signal. Alterna-
tively, the signal determination unit 18a may calculate an
average value of the magnitudes of signal output of the
first operation command signal S31, the second opera-
tion command signal S32, and the second operation
command signal S33, and determine a signal of the cal-
culated average as the above-described control signal.
Alternatively, the signal determination unit 18a may com-
pare two of the first operation command signal S31, the
second operation command signal S32, and the second
operation command signal S33, and determine the re-
maining one signal as the above-described control signal
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ifitis determined that there is the possibility that the value
of the output of one of the compared two signals is ab-
normal.

[0046] As described above, when a control signal for
finally controlling the operation of the actuators (11a, 12a)
has been determined by the signal determination unit
18a, the determined control signal is output from the first
control channel 13a. Then, the operation of the actuators
(11a, 12a) will be controlled based on the control signal.
[0047] The second control channel 13b includes the
power supply 14b, the interface 15b, the interface 16b,
the second arithmetic processing portion 17b, and the
signal determination unit 18b.

[0048] The power supply 14b is provided as a power
supply for supplying control power to the actuators (11b,
12b), the second arithmetic processing portion 17b, and
so forth. Note that the power supply 14b is configured in
the same manner as the power supply 14a of the first
control channel 13a, and therefore the detailed descrip-
tion thereof has been omitted.

[0049] The interface 15b is provided as an interface
that receives a manipulation signal generated by the po-
sition sensor 107b based on a manipulation of the wheel
106 performed by the pilot. The manipulation signal that
has been input into the interface 15b is input as a ma-
nipulation signal S12 into the second arithmetic process-
ing portion 17b, and also input into the first arithmetic
processing portion 17a and the third arithmetic process-
ing portion 17c. Note that the manipulation signal S12 is
transmitted to the first arithmetic processing portion 17a
and the third arithmetic processing portion 17c via a data
bus not shown.

[0050] The interface 16b is provided as an interface
that receives a manipulation signal generated by the po-
sition sensor 109b based on a manipulation of the speed
brake lever 108 performed by the pilot. The manipulation
signal that has been input into the interface 16b is input
as a manipulation signal S22 into the second arithmetic
processing portion 17b, and also input into the first arith-
metic processing portion 17a and the third arithmetic
processing portion 17c. Note that the manipulation signal
S22 is transmitted to the first arithmetic processing por-
tion 17a and the third arithmetic processing portion 17¢
via a data bus not shown.

[0051] The second arithmetic processing portion 17b
is configured as an arithmetic processing unit such as an
FPGA (Field-Programmable Gate Array) or a processor.
The second arithmetic processing portion 17b calculates
and generates an operation command signal S32 for
commanding and controlling the operation of the actua-
tors (11, 12) that drive the flight spoilers (102, 103), based
on the manipulation signals (S12, S22) received via the
interfaces (15b, 16b). The operation command signal
S32 may be configured, for example, as a signal com-
manding the operating positions of the actuators (11, 12)
as with the operation command signal S31.

[0052] The second arithmetic processing portion 17b
is also configured to execute processing for calculating
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an operation command signal S32 for commanding and
controlling the operation of the actuators (11, 12), based
on the manipulation signals (S11, S21) received via the
interfaces (15a, 16a). Furthermore, the second arithme-
tic processing portion 17b is also configured to execute
processing for calculating an operation command signal
S31 for commanding and controlling the operation of the
actuators (11, 12), based on the manipulation signals
(S13, S23) received via the interfaces (15c, 16c).
[0053] Also, the second arithmetic processing portion
17b compares the operation command signal S32 de-
rived from the manipulation signals (S12, S22), the op-
eration command signal S32 derived from the manipu-
lation signals (S11, S21), and the operation command
signal S32 derived from the manipulation signals (S13,
S23). Accordingly, the second arithmetic processing por-
tion 17b is configured to be capable of monitoring and
detecting the abnormality of the operation command sig-
nal S32 derived from the manipulation signals (S12,
S22).

[0054] The signal determination unit 18b is configured,
for example, as an analog circuit such as an operational
amplifier. Also, the signal determination unit 18b is pro-
vided as a voter that performs voting for determining a
control signal for finally controlling the operation of the
actuators (11b, 12b) based on the operation command
signal S32 generated by the second arithmetic process-
ing portion 17b and other signals, and outputting the de-
termined control signal.

[0055] Specifically, the signal determination unit 18b
receives a first operation command signal S32, which is
the operation command signal S32 generated by the sec-
ond arithmetic processing portion 17b provided in the
second control channel 13b in which the signal determi-
nation unit 18b is provided, and second operation com-
mand signals (S31, S33). The second operation com-
mand signals (S31, S33) are configured as operation
command signals (S31, S33) generated by the arithmetic
processing portions (17a, 17¢) provided in the other con-
trol channels (13a, 13c) that are different from the second
control channel 13b in which the signal determination
unit 18b is provided. Then, by comparing the first oper-
ation command signal S32 and the second operation
command signals (S31, S33) as the other signals de-
scribed above, the signal determination unit 18b deter-
mines a control signal for finally controlling the operation
of the actuators (11b, 12b) and outputs the determined
control signal. Note that the second operation command
signals (S31, S33) are transmitted from the first arithme-
tic processing portion 17a and the third arithmetic
processing portion 17c via a data bus not shown, and
received by the second arithmetic processing portion
17b.

[0056] The signal determination unit 18b may perform
the same processing as that performed by the signal de-
termination unit 18a provided in the first control channel
13a to compare the first operation command signal S32
and the second operation command signals (S31, S33)
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and determine the above-described control signal.
[0057] As described above, when a control signal for
finally controlling the operation of the actuators (11b, 12b)
has been determined by the signal determination unit
18b, the determined control signal is output from the sec-
ond control channel 13b. Then, the operation of the ac-
tuators (11b, 12b) will be controlled based on the control
signal.

[0058] The third control channel 13c includes the pow-
er supply 14c, the interface 15c, the interface 16c¢, the
third arithmetic processing portion 17c, and the signal
determination unit 18c.

[0059] The power supply 14c is provided as a power
supply for supplying control power to the actuators (11c,
12c), the third arithmetic processing portion 17c, and so
forth. Note that the power supply 14c is configured in the
same manner as the power supply 14a of the first control
channel 13a, and therefore the detailed description there-
of has been omitted.

[0060] The interface 15c is provided as an interface
that receives a manipulation signal generated by the po-
sition sensor 107¢c based on a manipulation of the wheel
106 performed by the pilot. The manipulation signal that
has been input into the interface 15¢ is input as a manip-
ulation signal S13 into the third arithmetic processing por-
tion 17¢, and also input into the first arithmetic processing
portion 17a and the second arithmetic processing portion
17b. Note that the manipulation signal S13 is transmitted
to the first arithmetic processing portion 17a and the sec-
ond arithmetic processing portion 17b via a data bus not
shown.

[0061] The interface 16c¢ is provided as an interface
that receives a manipulation signal generated by the po-
sition sensor 109c based on a manipulation of the speed
brake lever 108 performed by the pilot. The manipulation
signal that has been input into the interface 16¢ is input
as a manipulation signal S23 into the third arithmetic
processing portion 17c¢, and also input into the first arith-
metic processing portion 17a and the second arithmetic
processing portion 17b. Note that the manipulation signal
S23 is transmitted to the first arithmetic processing por-
tion 17a and the second arithmetic processing portion
17b via a data bus not shown.

[0062] The third arithmetic processing portion 17c is
configured as an arithmetic processing unit such as an
FPGA (Field-Programmable Gate Array) or a processor.
The third arithmetic processing portion 17c calculates
and generates an operation command signal S33 for
commanding and controlling the operation of the actua-
tors (11, 12) that drive the flight spoilers (102, 103), based
on the manipulation signals (S13, S23) received via the
interfaces (15c, 16¢). The operation command signal S33
may be configured, for example, as a signal commanding
the operating positions of the actuators (11, 12) as with
the operation command signal S31.

[0063] The third arithmetic processing portion 17c is
also configured to execute processing for calculating an
operation command signal S33 for commanding and con-
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trolling the operation of the actuators (11, 12), based on
the manipulation signals (S11, S21) received via the in-
terfaces (15a, 16a). Furthermore, the third arithmetic
processing portion 17c is also configured to execute
processing for calculating an operation command signal
S33 for commanding and controlling the operation of the
actuators (11, 12), based on the manipulation signals
(S12, S22) received via the interfaces (15b, 16b).
[0064] Also, the third arithmetic processing portion 17¢
compares the operation command signal S33 derived
from the manipulation signals (S13, S23), the operation
command signal S33 derived from the manipulation sig-
nals (S11, S21), and the operation command signal S33
derived from the manipulation signals (S12, S22). Ac-
cordingly, the third arithmetic processing portion 17c¢ is
configured to be capable of monitoring and detecting the
abnormality of the operation command signal S33 de-
rived from the manipulation signals (S13, S23).

[0065] The signal determination unit 18c is configured,
for example, as an analog circuit such as an operational
amplifier. Also, the signal determination unit 18c is pro-
vided as a voter that performs voting for determining a
control signal for finally controlling the operation of the
actuators (11c, 12c) based on the operation command
signal S33 generated by the third arithmetic processing
portion 17c and other signals, and outputting the deter-
mined control signal.

[0066] Specifically, the signal determination unit 18c
receives a first operation command signal S33, which is
the operation command signal S33 generated by the third
arithmetic processing portion 17¢ provided in the third
control channel 13c in which the signal determination unit
18c is provided, and second operation command signals
(S31, S32). The second operation command signals
(S31, S32) are configured as operation command signals
(S31, S32) generated by the arithmetic processing por-
tions (17a, 17b) provided in the other control channels
(13a, 13c) that are different from the third control channel
13cin which the signal determination unit 18cis provided.
Then, by comparing the first operation command signal
S33 and the second operation command signals (S31,
S32) as the other signals described above, the signal
determination unit 18c determines a control signal for
finally controlling the operation of the actuators (11c, 12c)
and outputs the determined control signal. Note that the
second operation command signals (S31, S32) are trans-
mitted from the first arithmetic processing portion 17a
and the second arithmetic processing portion 17b via a
data bus not shown, and received by the third arithmetic
processing portion 17c.

[0067] The signal determination unit 18c may perform
the same processing as that performed by the signal de-
termination unit 18a provided in the first control channel
13a to compare the first operation command signal S33
and the second operation command signals (S31, S32)
and determine the above-described control signal.
[0068] As described above, when a control signal for
finally controlling the operation of the actuators (11c, 12c)
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has been determined by the signal determination unit
18c, the determined control signal is output from the third
control channel 13c. Then, the operation of the actuators
(11c¢, 12c) will be controlled based on the control signal.
[0069] As described above, in the aircraft control ap-
paratus 1, the signal determination units 18 respectively
provided in the plurality of control channels 13 (13a, 13b,
13c) receive the first operation command signal and the
second operation command signals. The first operation
command signal is configured as an operation command
signal generated by the arithmetic processing portion 17
provided in the control channel 13 in which each signal
determination unit 18 is provided. The second operation
command signals are configured as operation command
signals generated by the arithmetic processing portions
17 provided in other control channels 13 different from
the control channel 13 in which each signal determination
unit 18 is provided. Also, each signal determination unit
18 determines a control signal by comparing the first op-
eration command signal and the second operation com-
mand signals, and outputs the determined control signal.
[0070] Furthermore, in the aircraft control apparatus 1,
the arithmetic processing portions 17 (17a, 17b, 17c) re-
spectively provided in the plurality of control channels 13
(13a, 13b, 13c) have designs that are different from one
another. Examples of the configurations in which the
arithmetic processing portions 17 of the control channels
13 (13a, 13b, 13c) have designs different from one an-
other include a configuration in which the first arithmetic
processing portion 17a, the second arithmetic process-
ing portion 17b, and the third arithmetic processing por-
tion 17c are manufactured by manufactures different
from one another. Alternatively, a configuration can be
given as an example in which the first arithmetic process-
ing portion 17a, the second arithmetic processing portion
17b, and the third arithmetic processing portion 17c were
developed at different times and are thus of different de-
velopment generations. Further, it is also possible to
adopt a combination in which any of the first arithmetic
processing portion 17a, the second arithmetic process-
ing portion 17b, and the third arithmetic processing por-
tion 17c is configured as an FPGA and any of the others
is configured as a processor.

[0071] A specific example willnow be given of the man-
ufacturer, the series name, and the model number of
each of the first to third arithmetic processing portions
(17a, 17b, 17c). In the specific example, for example,
one of the first to third arithmetic processing portions
(17a, 17b, 17¢) is manufactured by the manufacturer "Ac-
tel" under the series name "ProASIC3" and the model
number "3PE1500", one of the others is manufactured
by the manufacturer "Altera" under the series name "Cy-
clone IlI" and the model number "EP3C25", and the re-
maining one is manufactured by the manufacturer "Xilinx"
under the series name "Virtex-5" and the model number
"XQ5VLX155T".

[0072] Finally, a description will now be given of the
fourth control channel 13d. The fourth control channel
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13d includes the power supply 14d and the signal deter-
mination unit 18d. The power supply 14d is provided as
a power supply for supplying control power to the actu-
ators (11d, 12d) and so forth. Note that the power supply
14d is configured in the same manner as the power sup-
ply 14a of the first control channel 13a, and therefore the
detailed description thereof has been omitted.

[0073] The signal determination unit 18d is configured,
for example, as an analog circuit such as an operational
amplifier. Also, the signal determination unit 18d is pro-
vided as a voter that performs voting for determining a
control signal for finally controlling the operation of the
actuators (11d, 12d) based on the operation command
signal S31 generated by the first arithmetic processing
portion 17a, the operation command signal S32 gener-
ated by the second arithmetic processing portion 17b,
and the operation command signal S33 generated by the
third arithmetic processing portion 17c, and outputting
the determined control signal.

[0074] Note that the operation command signal S31,
the operation command signal S32, and the operation
command signal S33 are transmitted from the first arith-
metic processing portion 17a, the second arithmetic
processing portion 17b, and the third arithmetic process-
ing portion 17c via a data bus not shown, and received
by the signal determination unit 18d. Also, the signal de-
termination unit 18d may perform the same processing
as that performed by the signal determination unit 18a
provided in the first control channel 13a to compare the
operation command signal S31, the operation command
signal S32, and the operation command signal S33 and
determine the above-described control signal.

[0075] As described above, when a control signal for
finally controlling the operation ofthe actuators (11d, 12d)
has been determined by the signal determination unit
18d, the determined control signal is output from the
fourth control channel 13d. Then, the operation of the
actuators (11d, 12d) will be controlled based on the con-
trol signal.

[0076] As described thus far, with the aircraft control
apparatus 1, the plurality of control channels 13 (13a,
13b, 13c) are respectively provided in one-to-one corre-
spondence with the arithmetic processing portions 17
(17a, 17b, 17¢) having designs different from one anoth-
er. Also, in the control channels 13 (13a, 13b, 13c), each
of the signal determination units 18 (18a, 18b, 18c) de-
termines a control signal by comparing the first operation
command signal from the arithmetic processing portion
17 of the control channel 13 in which that signal deter-
mination unit 18 is provided and the second operation
command signals from the arithmetic processing portion
17 of the other control channels 13, and outputs the de-
termined control signal.

[0077] Accordingly, even if the arithmetic processing
portion 17 of any of the control channels 13 has failed,
the signal determination unit 18 provided in the control
channel 13 whose processing portion 17 has failed can
determine a control signal based on the operation com-
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mand signals from the arithmetic processing portions 17
of the other control channels 13, and output the deter-
mined control signal. Then, the occurrence of a generic
failure that may occur commonly among the same pieces
of software or hardware can also be prevented. This pre-
vents a situation where the control channel 13 whose
processing portion 18 has failed becomes inoperable.
Thus, the redundancy that allows the operation of the
flight spoilers (102, 103) to be safely continued can be
ensured. With the aircraft control apparatus 1, the control
channels 13 are respectively provided in one-to-one cor-
respondence with the arithmetic processing portions 17
having designs different from one another, and therefore
it is possible to significantly reduce the number of the
arithmetic processing portion 17 as the aircraft control
apparatus 1 as a whole. Furthermore, this can simplify
the configuration of the aircraft control apparatus 1, thus
achieving a further reduction in the manufacturing costs.
[0078] Therefore, according to this embodiment, it is
possible to provide an aircraft control apparatus 1 and
an aircraft control system 10 for which the redundancy
that allows the operation of the flight spoilers (102, 103)
to be safely continued can be ensured and whose con-
figuration can be reduced with a decreased number of
the arithmetic processing portions 17.

[0079] According to this embodiment, three control
channels 13 (13a, 13b, 13c) are provided, with the arith-
metic processing portions 17 being provided in each of
the three control channels 13, and therefore the aircraft
control apparatus 1 is provided with three arithmetic
processing portions 17 (17a, 17b, 17c) having designs
different from one another. Therefore, even if any of the
arithmetic processing portions 17 has failed, the signal
determination unit 18 can determine a control signal by
comparing the operation command signals generated by
the remaining two arithmetic processing portions 17, and
output the determined control signal. Accordingly, it is
possible to further increase the reliability of the aircraft
control apparatus 1.

[0080] Although an embodiment of the present inven-
tion has been described thus far, the present invention
is not limited to the above-described embodiment, and
various modifications may be made within the scope re-
cited in the claims. For example, the following modifica-
tions are possible.

(1) Although the above embodiment has been de-
scribed, taking, as an example, a flight spoiler serv-
ing as a moving surface as a device to which the
aircraft control apparatus and the aircraft control sys-
tem are applied, this need not be the case; the
present invention may be applied to another device.
For example, the present invention may be applied
to a ground spoiler, or an aileron, a rudder, an ele-
vator, or the like serving as a moving surface con-
stituting a control surface. Although the embodiment
has been described, taking, as an example, a con-
figurationin which the presentinventionis configured
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10

as a flight control apparatus or a flight control system
that controls the operation of a moving surface of an
aircraft, this need not be the case; the present inven-
tion may also be applied to an apparatus or a system
other than a flight control apparatus and a flight con-
trol system. For example, the present invention may
also be applied to an apparatus or a system that
controls the operation of a leg such as alanding gear
of an aircraft.

(2) Although the above embodiment has been de-
scribed, taking, as an example, a configuration in
which part of the plurality of control channels each
include an interface, an arithmetic processing por-
tion, and a signal determination unit, this need not
be the case. It is also possible to implement a con-
figuration in which all of the control channels each
include an interface, an arithmetic processing por-
tion, and a signal determination unit.

(3) Although the above embodiment has been de-
scribed, taking, as an example, a configuration in
which each of the signal determination units deter-
mines the control signal by receiving and comparing
operation command signals from all of the arithmetic
processing portions, this need not be the case. It is
also possible to implement a configuration in which
each signal determination unit determines a control
signal by receiving and comparing operation com-
mand signals from part of the plurality of arithmetic
processing portions. As such an example, a config-
uration will now be described in which four control
channels are provided and arithmetic processing
portions having designs different from one another
are respectively provided in the four control chan-
nels. In this case, the signal determination unit of
each of the control channels may determine a control
signal by receiving an operation command signal
from the arithmetic processing portion of the control
channelin which that signal determination unitis pro-
vided and operation command signals from the arith-
metic processing portions of two of the other control
channels and comparing the operation command
signals, and output the determined control signal.
With this configuration, it is possible to reduce the
processing load of the arithmetic processing por-
tions. This can relax the required specifications for
the processing capability of the arithmetic process-
ing portions, thus achieving a cost reduction.

(4) Although the above embodiment has been de-
scribed, taking, as an example, a configuration in
which four control channels are provided, this need
not be the case. It is also possible to implement a
configuration in which two or three control channels,
or five or more control channels are provided.

(5) The above embodiment has been described, tak-
ing, as an example, a configuration in which each of
the arithmetic processing portions calculates a plu-
rality of operation command signals, based on a plu-
rality of received manipulation signals, and compare
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the plurality of operation command signals. Accord-
ingly, each of the arithmetic processing portions is
configured to be capable of monitoring and detecting
the abnormality of the operation command signal in
the above embodiment. However, each of the arith-
metic processing portions needs not be provided
with the above-described configuration for monitor-
ing the abnormality of the operation command signal,
and may be provided with a configuration for moni-
toring the abnormality of the received manipulation
signal. In this case, for example, each of the arith-
metic processing portions monitors the abnormality
of the manipulation signal by comparing the plurality
of received manipulation signals. Each of the arith-
metic processing portions is configured to determine
a manipulation signal for calculating an operation
command signal, based on the results of comparing
the plurality of manipulation signals. Furthermore,
each of the arithmetic processing portions is config-
ured to calculate an operation command signal,
based on the determined manipulation signal de-
scribed abobe.

[0081] The present invention is widely applicable as
an aircraft control apparatus that controls a plurality of
actuators that drive a device installed in an aircraft, and
an aircraft control system that includes the aircraft control
apparatus and a plurality of actuators. The present in-
vention is not limited to the above-described embodi-
ment, and all modifications, applications and equivalents
thereof that fall within the claims, for which modifications
and applications would become apparent by reading and
understanding the present specification, are intended to
be embraced therein.

Claims

1. An aircraft control apparatus that controls a plurality
of actuators that drive adevice installed in an aircraft,
the apparatus comprising:

a plurality of control channels that control the
plurality of actuators and each include a power
supply for supplying power,

wherein all of the plurality of control channels or
part of the plurality of control channels each in-
clude:

an interface that receives a manipulation
signal generated, based on a manipulation
of apilotflying the aircraft, by a manipulation
input unit into which a manipulation of the
aircraft performed by the pilot is input;

an arithmetic processing portion that calcu-
lates and generates, based on the manipu-
lation signal received via the interface, an
operation command signal for commanding
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and controlling operation of the actuators
that drive the device,

a signal determination unit that determines,
based on the operation command signal
generated by the arithmetic processing por-
tion and another signal, a control signal
serving as a signal for finally controlling op-
eration of the actuators, and outputs the
control signal,

the arithmetic processing portions respec-
tively provided in the plurality of control
channels have designs different from one
another, and

each of the signal determination units re-
spectively provided in the plurality of control
channels receives a first operation com-
mand signal, which is the operation com-
mand signal generated by the arithmetic
processing portion provided in the control
channel in which that signal determination
unit is provided, and a second operation
command signal, which is the operation
command signal generated by the arithme-
tic processing portion provided in another
of the control channels different from the
control channel in which that signal deter-
mination unit is provided, determines the
control signal by comparing the first opera-
tion command signal and the second oper-
ation command signal serving as the other
signal, and outputs the control signal.

The aircraft control apparatus according to claim 1,
wherein three or more control channels are provided,
the arithmetic processing portion being provided in
each of the three or more control channels.

An aircraft control system comprising the aircraft
control apparatus according to claim 1, and a plural-
ity of actuators that are controlled by the aircraft con-
trol apparatus and that drive a device installed in an
aircraft.

An aircraft control system comprising the aircraft
control apparatus according to claim 2, and a plural-
ity of actuators that are controlled by the aircraft con-
trol apparatus and that drive a device installed in an
aircraft.
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